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ABSTRACT

An anechoic chamber for use in the 8-12 AHZ range
was designed and built for the purpose of obtaining the
rar field patterns of antennas and radiation systems.
This chamber

~as

evaluated and compared with various types

of anechoic chambers from tho standpoint of their "room
performance." .
The anechoic chamber ls essentially a room lined
~lth

absorbing material, effective at microwave frequen-

c1es. The purpose of the absorbing material within the
room is to

pre~ent

the reflection of the energy incident

upon the walls of the room.
Measurements of the far field radiation pattern of an
aperture in a ground . plane, that was unsymmetrically fed
by means of a dielectric loaded waveguide, were then ob•

tained in the anechoic chamber. The amplitude and phase
distribution across the aperture were also measured.
These measured quantities were used to calculate the far
field patterns which were then compared to the

experimen~

tally measured far field patterns. These · patterna were
obtained and compared for materials having dielectric
constants of 1.7,3, and 6.
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I.

INTRODUCTION

The probl em investigated by the author in this thesis
~as

essentially of a dual nature.

First, what would be the

effect on the far field radiation pattern or a . ground plane
aperture if tbe waveguide feed was to be partially loaded
bY means or unsymmetrical dielectric slabs.

Dielectric

materials having various permitt1vities and cut at various
angles with respect to the aperture were investigated.
The second problem

~hich

was actually the first to be

resolved was to build an anechoic chamber to enable the
(•

author to obtain the necessary far field measurements.
Figure l is a photograph or the interior of the

anechoic chamber built by the author.

The walls and

cetl~

1ng are lined with absorbing material, while the ground
plane aperture is to be seen on the right aide center of
the photograph.

It is within this aperture

tha~

the un-

symmetrical dielectric materials were placed.
Figure 2 is a sketch or the unsymmetrically fed
ground plane aperture, showing the position or the
dielectric within the waveguide.

The 0.9 inch dimension

of the dielectric is placed flush with the aperture
opening.
Professor Skitek believed that by the introduction of
the unsymmetric~l dielectric into the waveguide, unsymmetrical variations in both amplitude and phase would occur
across the aperture.

It this were so then it would be
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Sketch of the unsymmetrically fed ground plane aperture

possible to obtain a shift or the far field radiation
pattern which would differ from that obtained with no
loading or with symmetrical loading.
By

inves~igating

the effect of the change in the far

field patterns and aperture distributions due to different
dielectric permittivities, it was thought that positive
results could lead to a phase scanning antenna.

The 1n-

· vestigation was limited to observing the effect of various
permittivities and angle of taper variations or 15 degrees.
To resolve the above problem the investigation was
divided into the following phases; (1) design and build an
anechoic suitable for making radiation pattern measurements,
(2) determine the type and geometry of the dielectric loading material to be used, (3) obtain the aperture distribution of an unsymmetrically fed ground plane so that the
experimental results could be checked by use of the

equa~ ·

tiona for the far field, {4) compare the results or the
measured and calculated field patterns.
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II.

REVIEW OF LITERATURE

The radiation pattern from a slot in a ground

~lane

1s discussed by Kraus based on Huygens' Principle.

Huygens'

Principle permits the replacing of a uniform field across
the opening of the slotted sheet with a continuous array of
point sources.

This

~ethod

of determining the radiation

pattarn neglects the vector nature of the electromagnetic
field.

Schelkunoff and Fri1s2 obtain the radi&t1on

pattern from knowledge of the field distribution in the
aperture of the horn.

They do this by application of

equivalence concepts and 1me3e theory .
Analysis of the radiation pattern of an unsymmetrically fed ground plane aperture has not been done before.
There have been a number of studies performed related to
propagation in a partially filled waveguide, and to the
aperture distribution of this type of guide.

No studies

that the author has reviewed pertained to the far field
distribution of the unsymmetrically loaded waveguide.
Harr1ngton3, Cohn4,5,6, Vartanian?, Bland8, and
Mushiake9 all refer to a dielectric loaded waveguide,
having as its load a rectangular slab of dielectric.

The

location of the slab is usually symmetric with respect to
the center of the guide, thus it is a symmetrically loaded
waveguide.
Harrington3 presents the case ot a partially loaded
dielectric tilled waveguide, ·to which he applies the

6
boundary conditions at the interface or the two media.
A wave traveling in different medias will have different
propagation constants associated with each media normal to
the direction of propagation.
Both Cohn6 and Vartan1an7 have done extensive work
for the dielectric loaded rectangular wave for various
slab thickness and dielactric constant.

They both find

that by placing the slab in the center of the guide,
greater bandwidths can be obtained,

Power handling

capacities which are double or tirple that of standard
waveguides are achievable in the dielectric loaded waveguide.
Cohn5,6 has published a report which gives the detailed derivation or the TE mode field components and also
discusses the next higher order

mod~.

Cohn also indicates

that the only mode that can propagate in a guide is the
TE Mode,
An investigation of waveguide phase shifting techniques was conducted by Bland8.

This article was con-

cerned with phase shifting only within the guide and dis-·
cussed the effects of phase shift as a function of the ratio

or

the dielectric to waveguide width.
Both SilverlO and Hollisll discuss site considera-

tions for making radiation pattern measurements.

While

Buckleyl3 and a brochure published by Emerson and Cumlng,
Inc,l2 contain information on the construction and use or
anechoic chambers.
..

7
When evaluating the chamber it

~as

noted that slight

perturbations exist on the radiation pattern.

Reich et all4

discuss the existence of these same types or patterns for a
finite ground plane.
Brueggcmannl6 ln his thesis on U-Slot antennas,
develops the necessary equations for evaluating the far
field pattern by knowing the distribution of amplitude
across the aperture of the U-Slot antenna.

For his de-

velopment, the phase variation across the aperture was
considered to be constant.
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III.
A.

CONSTRUCTION PROJECTS RELATED TO THE PROBLEM

ANECHOIC CHAMBERS
1.

Reasons for use of an anechoic chamber

The purpose of the anechoic chamber is to permit the
microwave engineer to perform precision experiments, relating to antenna patterns, radar cross sections of model
airplane vehicles, or any type of measurements requiring
controlled conditions.

By "controlled conditions" the

author refers to the cases where the receiving antenna
and model airplane can be physically moved about with relation to the. transmitting antenna, so as to satisfy any
or all test requirements.
In order to obtain the type of measurements normally
desired in an outdoor range, many considerations would
ha~e

to be given to selecting a site that would produce

expected results with a minimum of error.

Two very impor-

tant site considerations are discussed below:l
a.

Variation of the phase front of the incident
field.

Under normal operating conditions there usually exists
a large separation between the transmitting and receiving
antenna.

This large separation is not practical under test

situations, therefore, pattern measurements or reflectivity
measurements should be performed on the smallest practical
range possible.

For nominal distances that exist between

sending and receiving antennas, the transmitted wave has a
phase front that is spherical in shape.

Large separations

9

between

the transmitting and rece1v1ng

antennae

the phase front to be assumed as a plane wave.

permits
This tran-

sitlon between spherical and plane would tend to indicate
that there is a practical limitation that exists between
the proximity of the transmitting and receiving antennas.
SilverlO divides the regions about a transmitting
antenna into three zones, the near zone, optical-Fresnel
field and the Fraunhofer or far-zone region.

It is the

Fraunhofer or far-zone region that is usually of greatest interest in the measurement of antenna patterns.
Figure 3 shows the transition of .the radiation pattern
as it goes from the near-field to the Fraunhofer region.

Fresnel

Fraunhofer

Figure 3 Fresnel and Fraunhofer patterns
of a slot
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The expression used to obtain a plot of the field
intensity in the far field then becomes much easier to
deal with.

In general, the field of an electric dipole is

given as:3

If now the distance between transmitting and receiving antennas is increased, all terms that contain
higher order value of r can be considered small with
respect to jwu/r.

The expression for the far field can

then be reduced to

.

Ee=

~'~

e

Once having established the region that the far
field exists in, the minimum distance r that the antennas
are to be separated can be determined.

Fig. 4 shows a plane

aperture of width D having a wave front of radius r impinge
upon it, so that the wave front is tangent to the receiving antenna aperture at its center.

11

rece1.v1ng
antenna
apt~rture

transmitting
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Figure 4

Spherical phase front tangent to
a plano ·antenna perture

Due to the short radius r, there will exist an
appreciable separation A , between the wave front and the
edges of the antenna aperture.

A criterion that is

usually employed in determining the minimum value of R
1s to hold A

to a maximum of

¥.c. 11.

Utilizing this

criterion the minimum value of r can be found.
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Nomographs do exist for determination of r for any
value of A •
By satisfying this criterion for r, the receiving
antenna is then said to be in the far field.
b.

Interference from Reflections.

If the requirement of providing adequate separation
between transmitting and receiving antennas is
the requirement that the site be free of grounl
is

d1fflc~lt

to satisfy.

£.l~ered

to,

r~r10ctions

This requirement is needed since

the addition of reflected fields at the receiving or teet
antenna can cause erroneous gain and pattern measurements.
Having just discussed some of the problems of site
location, it is obvious that an indoor site free of

reflec~

tiona and interference from near by obstacles or terrain
and even weather would be very desirable.
2.

Type of Chamberl2

From the earliest inception of

an~cholc

chambers or

wicrowave dark rooms, the object has been to arrange the
absorbing material in such a manner so as to reduce the
amount of reflected energy to as small as possible.

The

earliest chambers were no more than microwave absorbers
attached to flat room surfaces.

This type of chamber
per,

forms relatively well for low levels of transmitted energy.
Performance is limited by the fact that, for any flat surrace which is parallel to the line of direct transmission,
any energy striking such a surface at points midway between transmitter and receiver antennas 1s reflected 1nto

13

the receiver antenna.

A chamber of this type reduces

reflectivity to approximately 1% of the direct radiation.
An improvement in chamber design was achieved by the
utilization of a transverse baffle technique.

In this

approach the baffle is placed with its flat surfaces at an
angle to the wall of the chamber.

The material was

arranged so that all first-bounce reflections would be
away from any critical areas.

This was able to raise

performance levels to a theoretical -40db.

This type of

Chamber never reached ita potential, due to reflectivity
at the baffle tips, which effect could not be eliminated
except in chambers of very large dimensions.
A chamber which is capable of achieving a -40db performance is the longitudinal-baffle design.

In this de-

sign, the baffle axes are all parallel to the long axis
of the room.

In the transverse baffle type chamber the

axes are perpendicular.

3.

Constructional Difficulties

In constructing the anechoic chamber for use at the
University of Missouri at Rolla, certain specifications
had to be adhered to.
The first criterion was the frequency range , or rathe r
the lowest frequency of interest.

Economics and space also

played an important role in the type of microwave absorber
to be used and the size of the chamber to be built.
To be able to Justify the coat of the chamber, it was
felt t h t th

mat rial selected should be use ful over a wide

14

frequency range.

It was decided to use Emerson and

Cumming microwave absorber Eccosorb FR 330.

Eccosorb FR

330 has a useful frequency range of from 2300 me and
above.

It reflects less than 1% of the normal incident

energy over the designed frequency range.
The chamber selected to be built was of the flatwall configuration.

This configuration allowed inside

dimensions to be ten feet wide, five feet high and five
feet in depth.

The chamber was lined with Eccosorb FR 330

on all walls, with the exception of the front wall, where
provisions for the transmitting aperture was provided.
The front wall was lined with sheet copper so as to act as
an infinite ground plane with the antenna radiating into
a half space.
A semi-circle having a four foot radius was then cut
into the chamber through the ceiling.

This allowed a

receiving antenna to be moved in an arc about the transmitting antenna.

A scale, calibrated in degrees, was

then constructed, so as to facilitate obtaining calibrated
readings of radiation patterns for any antenna.

Figure 1,

as described previously, shows the interior of the anechoic
chamber built by the author.

The aperture is shown on the

right of the photograph, flush with the ground plane.
receiving

ant~nna

The

is in the center of the picture having

entrance through the ceiling.
Figure 5 shows an external view of the chamber with
the scale markings and the arm necessary to support the

\ I

F igure

5

'J •

•

@

!0

External p hotogra_p ll

tJJ.

ch ..tnthe.t w~l:ll s cal e mar kings
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receiving antenna.
wall.

Note the aperture opening in the front

The waveguide connected to the receiving antenna can

be seen on the top of the chamber mounted on a dolly, so as
to be easily moved in an arc about the chamber.

A sketch

showing the external dimensions of the chamber is drawn in
figure 6.
It was first thought that transmission by means of a
coaxial cable would be adequate from the receiving antenna
to the detector.

Only after the initial tests, it was

discovered that the loss of 40 db/foot for RG-59 coaxial
cable was too much for the amount of power transmitted.

The

coaxial cable was then removed and replaced with waveguide
suitable for x-band transmission.
Tbe use of waveguide then gave the added advantage of
being able to obtain phase
if it were desired.

m~asurements

in the far field

0
~-------------------Figure 6

ao'

-----------------------,~.

External sketch of chamber showing dimensions
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Evaluat ion of anechoic chamber

One of the d iffi culties encountered tn outdoor t est
s it e s was that of reflected energy pe rt urbi ng the i ncident
ene rgy on the receiving or te at antenna.

Therefore, one of

t he characteristics of a satisfactory anechoic chamber is
that t he r e ceiving or test antenna's response to t he incid ent energy not be appreciably perturbed by reflected
ene r gy f rom any part of the chamber.
The r oom performance of a chamber has be en def ined by
Buckl ey 1 3 as "the ratio between direct power density and
reflected power density in the specified quiet zone as
measured with specific transmitting and receivi ng antennas."l3
The "quiet zone" referred to in the above de finition
1s a spec1 fle·d area within t he chambe r that complies w1 th
the r equirements of room performance.
This then means, that to specify a -50 db anechoic
chamber, it would be understood that the ratio of reflected
signals should be at least -50 decibels at any point 1n the
specified quiet zone.

This is not to imply, by any stretch

of the imagination, that this author has designed a nd built
a - 50 db chamber.
Si nce the usual method of obtaining pattern measurements in a chamber is to place the test ant enna in the
region or the quiet zone on a rotati ng table.

The table

with antenna la then rotated to obtain pattern measurementa, with controls from outside the chamber.
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Once having constructed the chamber, the evaluation

ot 1ts room performance was made.

The maximum effect or

a given interfering energy level occurs when the electric
field vectors corresponding to the 1nterrer1ng and direct
e nergy levels are either 1n phase or out or phase, and
therefore the corresponding maximum difference between the
level of the total energy at a point or the quiet zone and
the level or the true direct energy trom the transmitter
is what should be measured.
~hile

methods have been developed tor evaluation ot

the chamber, they are very time consuming and
perform accurately.

In most techniques the

~1ff1cult

cha~ber

to

is

illuminated by a transmitting antenna directed along the
longitudinal axle of the room, and a probe or pick up
antenna 1a moved about in the area where reflection measurements are required.

All methode depend upon a probe motion

whtoh permits the phase of the reflected field to change
with respect to the phase of the direct field in such a
way that the perturbations or the direct-beam energy
level can be readily interpreted to indicate the reflectivity level.
Two methods commonly utilized for evaluation or
chambers are (1) "Ott-Peak" Evaluation Techniques,
(2) The Null-Balance Techn1que.l2

Of all the teats, the "Null-Balance Technique" lends
ttaelf

~oat

readily to the evaluation of aperture type

chambers, uaed tor one-way propagation,

Due to the

20

complexity of the test and equipment involved, it was
not found feasible to use this or any other method to
evaluate tho chamber built by the author, as to its room
performance.
In the design used, which is flat wall attenuation
of any reflected signal is strictly dependent upon the
absorbing characteristics of the FR 330.
The performance of the chamber was therefore
evaluated by obtaining the actual far field pattern of
a transmitted signal through an empty waveguide.
shows the radiation pattern obtained.

Figure 7

The· pattern was

found to be symmetrical as to beamwidth, but showed perturbations of the wave form rather than being smooth as expected.

This is the unlabled curve in figure 7.

Figure 7

also shows tbe ·theoretical far field distribution obtained
from assuming a sinusoidal distribution across the aperture.lO
s\~

In'

-xv
'o

This expression was placed into the equation for the
far. field pattern and a computer plot obtained.

Next,

using the measured amplitude of the aperture distribution
for the unloaded waveguide in the ground plane, the third
pattern in Figure 7 was obtained.

In all three cases, the

shapes of the curve differ only .s lightly, with the beamwidths
varying only 5 degrees.

This is a good indication of the

accuracy of the technique used to find the far field
pattern as explained in Chapter V.

'

I _;: . ' ,.. ' .

I

.

. - --·- f -:. ~ -~- - ~ ---·-·--{··:
I

j

-

I

22

Once having established that the patterns made in
the anechoic chamber were relatively accurate, it was
then assumed that the perturbations of the far field
patterns were due to reflections with in the chamber.
Since, as was previously mentioned, the test of room
performance is quite difficult the author chose another
method to at least establish the presence or standing
waves in the chamber.

If the distortion 1n the pattern

was due to reflections, it was felt that by

arrang1n~

loose blocks of Eccosorb FR 330 about the chamber the
pattern could be shifted around.
Figure 8 is a photograph showing just such an attempt
to decrease the reflections within the chamber.

This par-

ticular arrangement of Eccosorb was used to cut down on
any reflections caused by incident signals being reflected
from the floor of the anechoic chamber.

Figure 9 is the

plot of the rar field pattern for the arrangement shown in
Figure 8.
The symmetry of the pattern for this arrangement is
still maintained, but the perturbations of the pattern
have changed significantly.
Figure 10 shows another arrangement of Eccosorb
blocks that was tried.

In this case an unsymmetrical

arrangement was used.

The blocks on the far side, rear

of the chamber were stacked two high, while the blocks on
-the near side, rear (out or view in the photograph) of the
chamber were stacked only one block high.

The resultant

tar field plot tor this configuration is shown in

23

Figure

8 Arrangement of Eccosorb blocks wi t hin chamber
to prevent standing waves
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Far field radiatfon
shovm in Figure 8

.

,_ [

blocks
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Figure 10

Arrangement of Eccosorb blocks within
chamber to prevent standing waves

26
Figure 11.

This plot shows definite assymrnetry and large

perturbations.
It was therefore the conclusion of the author that
standing waves definitely do exist within the chamber due
to reflections from the ground, ceiling and walls.
The additional blocks of Eccosorb will change the pattern.
but reflections from the tips and sides of absorbing
blocks still tend to perturb the pattern •
. The ground plane was the next item to be evaluated,
since reflections from the edges of a finite-length
ground plane in the direction of the E field affect the
radiation pattern.l4

If the ground plane were finite in

extent rather than infinite at our wave length then there
could be slight variations in the pattern.
is shown in the graph of figure 12.

The result

It can be seen that

there results a slight shift in the symmetry of the
pattern on the left side of the chamber.

The beamwidth

still remains a constant of approximately fifty-two
degrees.
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B.

APERTURE MEASUREMENTS

1.

Amplitude measurements

To be able to obtain the distribution in the far field
by

means of the expression for the electric field intensity,

knowledge of the distribution, amplitude, and phase across
the aperture had to be known.
To obtain this distribution a probe was passed across the lower edge or the aperture.

The probe acted as

an antenna · and the signal was fed into a detector which
indicated the amplitude of the signal in decibels.

The

problems encountered were many, the obvious of course was
that the probe had to move across the aperture at a constant height.

A graduated scale had to be included so that

all readings could be repeatable.

The greatest problem

was or trying to maintain constant contact between the
copper jacket of the probe and the ground plane.

If good

contact was not made, especially in the vicinity ·of the
aperture, it was impossible to obtain repeatable readings
since the indicating instrument behaved in a very erratic
manner.

In the regions where good electrical contact was

not obtained the possibilities of induced voltages existing between the ground plane and copper jacket was very
likely.

To complicate the problem even further, the points

or contact between the jacket of the probe and the ground
plane changed as the probe was moved across the aperture.
This, in ettect, was changing the parameters of the
circuit aa the probe moved and thua caused erratic results.
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In Joining the

~avegu1de

to the aperture in the

brass ground plate, a large amount or heat was required
to ensure a good

tlo~

of solder.

Due to tb1a excess heat

the brass ground plate became bowed about ita center, thus
the pressure applied to the probe by the plastic guide to
ensure good contact was not uniform.

Straightening the

brass plate helped to some extent but it was not the
(

answer to the problem.
What finally bad to be done to alleviate the problem
was to place a piece of .015 inch thick plastic between
the ground plane and jacket of the probe.

This prevents

any contact from occuring 1n the region or the aperture.
The plaat1o has the effect

or

mak1ns a capacitor or the

ground plane and the outer shield or the probe.

Voltages

are probably still induced between the probe and plane,
but due to the high frequencies involved, this capacitance
effect can be considered as essentially a short circuit.
The accuracy or measurement was checked experimentally
by comparing with known aperture d1str1but1ons.

Thi s was

done 1n figure 13, in which the theoretical aperture
distribution was compared with the measured aperture
distribution .
Figure 14 and 15 are photographs of the technique
used to obtain the aperture distribution outside of the
anechoic chamber.

These measurement• had to be taken

outside or the anechoic chamber because or the dtrrtculty
encountered 1D moving. the probe aoroaa the aperture it it
,

I

---~--:..:=[-------- ~-r --~ :L t~
..

Figure 13

l

~

Comparison of measured and theoretical amplitude distribution

w

1-'
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Figure 14

Photograph of outside ground plane with
probe located in aperture

J

•
•

Figure 1'

Photograph showing close up of probe
located in aperture

qround
plane

probe
carriage and
holder

~

copper
jacketed
probe

Figure

,

16 Sketch of method used to probe aperture distribution

were located within the chamber.

Figure 16 is a drawing of

the probe and the fixture used to hold the probe in
position.
2.

PHASE MEASUREMENTS

G Rou NO
P\.R~\:
~

k\.Y S 'T ~OK

Y
Figure 17
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SLoTt'!.l) \..\ME:

-

Block diagram of phase measuring technique

Figure 17 shows the block diagram representation of
obtaining the phase measurements across the aperture.
Figure 18 shows the actual equipment used.
The measurement of the phase variation across the
aperture of the waveguide was a very important requirement
in determining the radiation pattern.

Essentially the

method for determining the phase involves the comparison
of a signal from the pickup probe in the aperture with
a signal from the r-f source.
source is divided

bet~een

The power from the r-r

the waveguide and the tunable

sliding probe inserted in the slotted line.

Signals

from the pickup probe and from the source will then add
in or out of phase at the 4etector depending on the probe
position.

..
Fig ure

18 Photograph showing equipment used for phase measurements
across the a pe rture
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In trying to obtain these phase

measur~ments,

difficulty

was encountered because of the difference in amplitudes
betw£en oource and probe and also due to reflections
caused by. the crystal detector.
The difficulty with reflections from the detector was
eliminated by placing an isolator between the slotted line
and the detector.

Matching of amplitudes between pickup

and probe was accomplished

~y

.inserting an attenuator and

a matching section between the source and the tunable probe.
Another problem which still exists in taking phase
measurements, is a mechanical one.

The method at present

for determining the location of the probe across the
aperture i 's crude at the very least.

A scale has been

scribed into the brass ground plate having .05 or an inch
divisions.

To determine the position of the probe, the

investigator has to align the edge of the plastic guide
with the markings on the brass plate.

Much greater

accuracy would be desirable if more work 1s to be performed 1n this area.l5
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C.

SAMPLE PREPARATION

The desired geometrical configuration of the dielectric
was a complete unknown at the outset of this experiment.
The only information available relating phase shift to a
dielectric guide was performed by Bland8.

In his work,

rather than vary the width of the dielectric as a function
of length, Bland changed the thickness of the ·guide for
different conditions.
Since the object of this investigation was to produce a shift in the far field pattern due to a phase
shift across the aperture, a preliminary investigation
of the taper to be used was performed.

The dielectric was

cut for tapers of 15°, 30°, 45°, 60°, 75° and patterns of
the far field were obtained.
The configuration of the dielectric in the guide is
as shown in figure 2.
The initial investigation showed that to the nearest

15°, the far field pattern shifted the greatest for

~

= 60°.

Tperefore, the samples investigated were all dielectrics
having permitt1vities of K
for a taper of

e

= 1.7,

3, 6, all were fabricated

= 60°.

The d1electric.used was Emerson and Cumming, Stycast
Lo K for K

=1.7

and Stycast Hi K for K

= 3,

6.

This

material is a resin that is cast with varying densities,
depending upon the dielectric constant desired.

The material

was then cut to the desired dimensions by means of a diamond
saw.
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IV.

EXPERIMENTAL RESULTS

FAR FIELD M{PLITUDE

A.

MEASURK!~ENTS

The results of the far field patterns obta1ned in the
anechoic chamber are shown tn F1gure 19.
far field pattern for K

= 1.7

In comparing the

with the pattern for an un-

loaded guide, it can be seen that there has been a change

.

in the beamw1dth forK = 1.7.

The pattern has become

unsymmetrical, with the beamwidth at the 3 db point 1n
the range

e =

0° to ~ = +90°' decreasing to 23° from an

initial value of 28°.
As the value of dielectric was increased, the change
in tbe far field patterns

beca~~

K ;:: 3, the peak has shifted to 9
occur1ng ate= +35°.

more pronounce1.

= -35°

For

with another peak

Increasing the dielectric constant

still further to K = 6 presents a still greater change in
the far field pattern.
shifted to

e

The main lobe for K = 6 has now

= +35° with a mtnor lobe occuring ate = -40°.

It can be concluded then, that increasing dielectric
constants do have drastic effects on the far field
patterns.

The shift in main peak location between K

and K = 6 is probably attributed to

t~e

=3

generation of

higher order modes at the aperture of the waveguide.
Propagation in a wave guide is normally of the TE1o
mode.

This mode bas the simplest field configuration and

the lowest cut

orr

the dominant mode.

frequency, for this reason it is called

Figure

19

Far field radiation patterns for an unsymmetrically loaaed
waveguide

w
\0

JfO

Propagation of higher order modes is usually not
desirable, but will occur due to perturbations or discontinuities in the waveguide.

Thus, distortion of the

fields as the result of a discontinuity, such as the unsymmetrical

~ielectric

placed in the guide, dictates that

higher-order modes of propagation were probably present
in the vicinity of the discontinuityl4.
The cutoff frequency of the waveguide is the
critical frequency below which propagation of a wave will
not occur. · An examination of the cutoff frequency of . the
TE10 and TE2o modes also indicated the possibility ot
higher mode propagation.
For an air filled guide the expression for fc
'

(cutoff frequency) or the TE10 and TE2o modes 1s given as:
rn-

o...-

'•Z.
\4J

ul+"

0

M- r~~~-..

E-

+ , "'a·

\>,\,+"

pev ~\~\v\+"1

For a guide width of .9 inch the cutoff frequency for
an air filled guide to propagate the TE2o mode is 13.10
KHz.

For a waveguide loaded with K

quency becomes 7.56. KHz.

=3

the cutoff fre-

Since the frequency of operation

for this investigation was 10 KHz, higher mode propagation could definitely occur.
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B.

APERTURE AMPLITUDE AND PHASE MEASUREMENTS
Amplitude and phase measurements were obtained

across the aperture of the waveguide for both the unloaded and loaded dielectric cases.

Figure 20 is a plot

of amplitude in decibels versus distance across the guide
forK

= 1,

1.7, 3, and 6.

The amplitude distribution for

K = 1.7 differs from the air filled guide (K = 1) only
very slightly.
For higher values of K (3, 6) the distribution shows
a-tendency to peak up on the left band side of the guide.
This is the region in which the wave propagates through
the longest section of dielectric.

A deeper minima also

occurs for-the higher values of K.

The distribution

looks more and more as if the TE2o mode were being propagated for the higher values of K.

Since the TE2o mode

would have its minima at the edges of the guide and also
at the center.

Figure 21 is a sketch of the aperture

distribution for a TE2o mode.
The phase shift for the various dielectrics at points
across the aperture are tabulated in Table I.
for dielectrics of K

=1.7,

These are

3, and 6 respectively.

I

The phase shift in degrees are all measured with reference to the left side of the guide as indicated in
~1gure

2.

Phase variations across the guide \ncrease with

increasing dielectric constant.

Due to the method of

calibration, with respect to position across the guide,
insufficient data were available at certain oritioal_phaae

II ::·.

Figure

across

3

and

6

43
TABLE I

Distance Across
Guide i n I nches

o.oo
o . os
o.1o
0 . 15
0.20
o . 25
0 . 30
0.35
0.40
0.45
0.50
0.55
0 . 60
0.65
0 . 70
0.75
0 . 80
o.85
o.9o

Phase Shift In Degrees

K=1. 7
o.o
-1 . 8
- 6. 3
- 2.7
- 13.5
- 18 . 9
- 22 . 5
- 23 . 4
- 24.2
- 26.9
- 25 . 2
- 26.9
-24 . 2
-18 . 0
-1 6. 2
-16.2
- 7• 2t .
-9 . 0
+2 .7

K=3.0

K=6.o

o.o
-1 6 . 2
- 24.2
-49.5
-64.8
- 66.6
-69 . 2
- 54 .o
- 4 3. 2'
-32 . 4
-20.7
- 0.9
+103.5
+1 07 .5
+106. 1
+116 .1
+130 ;2
+141.2
+154 . 8

o.o
- 33 . 3
- 47.6
- 51.2
-53. 0
- 55.7
-62.0
- - 144.5
- 171 .8
- 205 . 0
-216.0
-216.8
- 218 . 2
-220.2
- 291.0
- 312 . 0
- 310 .0
- 307.5
-:304 .0
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variations.

=0.55

At the position x

forK

= 3 the

phase makes a very sharp reversal, it would be beneficial to have more readings at this point •

, .. r '
Figure 21

j

I

Amplitude distribution for the TE20 mode

V.

METHOD OF THEORETICALLY DETERMINING FAR FIELD PATTERNS
FROM APERTURE DISTRIBUTION
Brueggemannl6, in his development of the radiation

characteristics of a U - Slot antenna, develops the
necessary relationships for obtaining the far field
pattern knowing the aperture distribution.
was simplified to some extent by

His problem

ass~mlng.a

constant phase

distribution across the aperture.
This 1s not the case in the problem being investigated by the author, since phase is an important factor in
the far field patterns.

For this reason a computer solution

was necessary to generate the.required theoretical data for
the radiation patterns in the tar field •.·This program 1s
to be found in Appendix A.
The problem to be solved is the expression3

E(-c-) = -

v~

,,ff....

-- -.l~ ,..,._...,.,

•

'2.ll" \ ~- ,..,

- (

E

Y'

}

lt

\

aS.

E(r)---f1eld intensity at distant point in far field
E\r')--f1eld intensity across aperture
lr - r')

=r

- r' cosi

(for large r)

plane--aperture opening
The geometry for evaluating the radiation field is shown
in Figure 223.
To determine E(r) it was necessary to assume that the
aperture distribution was made up of discrete point sources
instead ot a continuous tunotion as it truly is, so that
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each point source acted as an antenna.

The computer pro-

gram then iterated over the aperture, summing up the contributions of each uantenna" for every 5° in the far-field.

X

Figure 22

Geometry for evaluating far field

In solving the equation for the far field with a
computer program, the problem was assumed to be one dimensional, so that integration over the height of the waveguide was not performed.

This was thought to be a reason-

able assumption since data for the aperture distribution
were obtained as a function of distance across the
guide.

Therefore the far field expression was modified in

the following way:

t.('C')
·

~ave-

=..l,-n-

e-E(r')k/20

fx.,-:.q
.-.•o

e-!.~i),./zo cos
~-X."'~\\)9 4S\~.

["l\t
- ~

~

\.9..-x\C. s.,~e) ~ ~ d.x.

"-

"'

amplitude
position along aperture

k

=o

to 0.9

phase along aperture
The geometry for this equation is shown in figure 23.
The program was then set up with the aid of the Computer
Science Center and solved by .use of the computer.
resultant data are plotted in tigure 24.

The

unsymmetrically
loaded waveguide

Figure

23

y

Geometry for evaluating_the far field for the one dimensional case

-70 . , -«) .. ~
i .';. ! l . f ..
l.

•Figure 24

Computed

K

=

3,

an d 6
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VI.

COMPARISON OF CALCULATED AND EXPERIMENTAL RESULTS

Having obtained the measured far field radiation
patterns and the theoretical radiation patterns, all that
remains is to compare these two sets of curves.

If indeed

there exists a shift in the far field due to an unsymmetrically loaded waveguide, as the measured results indicate,
then there should be correspondence betwe.en theory and
~xperiment.

=

First, examining the similarities shows that forK

1.7 both the theoretical and measured curves are slightly
unsymmetrical and broader on one side than the other.
phase variations

~cross

Table I are small forK

The ·

the aperture, as indicated by .

=1.7.

The curves for K = 3 have the same tendency to produce two peaks with the one on the left of the chamber
being more pronounced.

Though the peak on the right shows

only a variation in amplitude, the K

=6

curve shows the

same tendency, except that the maximum peak now occurs on
the right hand side of the chamber.
vary by

~

5°.

Beamwidths for all cases

For this case the smaller theoretical ·peak

is more pronounced than the measured curve for K = 6.
In determining the accuracy of these graphs, certain
points should be remembered,

In integrating over the

aperture to obtain the theoretical far field plot, Huygens'
Principle was applied, which states that uniform fields
across an opening can be replaced by a continuous array of

50
point sources.

For a discrete array having n equally

spaced sources it has been shown by Krauel that the
electric field can be expressed by

E : s"" c~ ~)
1'¥\

'{) = dr cos q,

+ ~

dr

s \t~

(¥A)

total phase difference between sources
distance between sources in radians
relative phase of source 2 with respect
to source 1

It is obvious then that greater accuracy of our radiation pattern could be obtained if more data were taken
across the

apertu~e.

eents a source.

Each data point essentially repre-

In the procedure " used bt the author the

number of"sources" was eighteen.

More data would have been

desirable from the standpoint of phase measurements also.
There exists large phase differences in some cases between
two points .05 inches apart.

More points and more

accuracy would have meant much better correlation between
the experimental and theoretical curves.
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VII. ·

RECOMMENDATIOl~S

FOR

FUTUR}~

WORK

Certainly the first recommendation that could be made,
would be for the refinement of the method used to calibrate
the readings for the amplitude and phase.
More information .would be desirable on the propagation
of higher order modes at the aperture of the waveguide.
Radiation studies can be performed to determine the
effects of placing two waveguides oriented in the same direction side by side.

In one case the dielectrics could be

varied so that as the permittivity of one guide 'increases
in value while the other decreases, or the guides could be
arranged perpendicular to one another and their dielectrics
varied again.

Figure 25 shows the arrangements of wave-

guides that could be studied.
One other important study :that is not directly related
to the topic discussed here, but of prime importance, is
the effect on the field in the aperture of the guide due to
tbe induced voltages between probe and ground plane.

Ground Plane Aperture

,_______________________,___~,_

Figure 25

~

Arrangement of waveguides in ground plane aperture for further study of
radiation pattern

\.n
1\)
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APPENDIX A
FAR FIELD DISTRIBUTION DETERMINED FROM APERTQRE
DIMENSION F(50), FUN 1(50), FUN 2(50)
READ 10 0 , (l<" ( J ) , J :2 , 19 ) , ( P ( J ) , J :2 , 19 )
It"(1) = 0.0

= C'.O

P(1)
R

= 1.22

T = -1.5708 + 3.4116/36
co 6.2832/.03
H
.001127

=

=

=

CON

.05/(6.~3.1416)

I'RINT 200

DO 5 J

=

= 1,

19

lJ)/20
F ( J ) =I 10 •~. EE
5 P(J)
P(J)/57.3
DO 50 J
1, 35
l!:E

-F

=

X

=

= -.01145

/'

c

= o.o
D.= 0.0
SINT = SIN(T)
DO 10 K = 1, 19
Q.
R-X ~tSI NT
l<'UN 1(K) = r.,(K)/Q*COS(CC•Q+P(K))
FUN 2(~)
F(K)/Q~SIN(CC~Q+P(K))
10 X=X+H
DO 20 K=l, 18, 2 .
C=C+FUN l(K)+4.~FUN l(K+1)+FUN l(K+2)
20 D=P+FUN 2(K)+4.~FUN 2(K+l)+FUN 2(K+2)

=

=

C=CfCON

D=D•CCN
G:CCS(T)~SQRT{C~C+D*D)

N=T* 57. 3
, SS=LOG(G )~ 8. 68

50
100
200
300

PRINT 300, N, G, SS
T=T+3.1416/36
FORMAT (5Fl0.2}
FORMAT (20X5HTHETA,20X5HFIELD,20X5HDBFI)
FORMAT (I23,2E27.8)
STOP
END
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